This paper uses annual data for the period 1970-2006 in order to estimate and investigate the evolution of the Mexican informal economy. In order to do so, we model the informal economy as a latent variable and try to explain it through relationships between possible cause and indicator variables using structural equation modeling (SEM). The model uses tax burden, salary levels, inflation, unemployment and excessive regulation as potential incentives or deterrents for the informal economy. Our results indicate that the Mexican informal sector at the beginning of the 1970's accounted for 40 percent of GDP, and then it slightly decreased to stabilize around 30 percent of GDP from the late 1980's onwards. The results also confirm the importance of salaries and excessive regulation as causes of the informal economy in Mexico and the existence of a positive relationship between informality and GDP.
INTRODUCTION
Informality has re-gained economists' attention in the past years due to a generalized perception that the informal sector around the globe is expanding 1 . Understanding the causes of informality and the impact it might have on the economy, especially on growth, is fundamental to develop effective policy measures and to avoid its potential negative externalities.
The term "Informal Economy" was coined by Hart (1973; 1990) , who used this term to explain certain self-employment characteristics in Africa. Nowadays, the concept of informality has evolved and encompasses a broad set of economic activities, which can go from street vendors to hidden production, illegal labour, corruption, smuggling, prostitution and tax avoidance. This phenomenon affects both developing and rich countries alike.
In the literature, the informal sector is referred as black market, shadow economy, illegal economy, corruption, not registered economy, underground economy, informal economy, and so on. Sometimes these definitions are used as synonyms; however, in some occasions they differ in meaning depending on which particular dimension of informality they focus (i.e. tax avoidance, corruption, illegal labour, etc.).
Nevertheless, all these definitions refer to unregistered or unreported activities within the economy.
Given the unregistered (hidden) nature of informal activities, measuring or estimating the actual size of informality is very difficult. Through the years a wide range of methods 2 and techniques have been used, although none of them is fully recognized or totally reliable.
In Mexico, as well as in the rest of the Latin America, the phenomenon of informality is clearly visible on the streets of the major cities 3 . The so called "street vendors" (vendedores ambulantes) plague huge areas of the Latin American capitals, obstructing entire streets and generating unfair competition to the official establishment. These informal agents manage to operate outside the formal framework and are a constant source of externalities to the economy. Although most economists would agree with this, the magnitude and sign of these externalities are still unclear and open to debate. This is in part due to the lack of consensus among researchers regarding a common definition and a robust estimation technique able to capture all the dimensions of the informal sector.
From a policy perspective, in particular for a developing country like Mexico, measuring and understanding the evolution of the informal sector becomes imperative, especially when its magnitude is believed to be relatively high. In fact, the International Labor Organization (1999), Schneider (2002), and Vuletin (2008) estimate that the size of the Mexican informal sector in the past decade ranged from 30 to 40 percent of GDP employing more or less the same percentage of the available labor force 4 . So, identifying the main causes of informality and the channels through which it interacts and affects the Mexican economy is the main objective of this paper.
Prior to discussing the different methodologies available for the estimation of the informal sector, we shall pin down a basic definition. Below we present the International Labor Organization (ILO) official definition for the informal sector:
" Departing from the above definition, from now on, the informal sector in the present study will be treated as "all the income and employment generating activities that are not regulated by the formal economic framework of a specific country".
It is important to point out that ILO's definition does not pronounce any judgement on whether the informal sector activities are good or bad for the economy. Indeed, the empirical literature has found mixed evidence in this regard 5 . So, understanding the effects and interactions between the Mexican informal sector and economic growth acquires high relevance for future policy frameworks . In order to analyze the possible effects of informality, we need to estimate its magnitude and variation through time. To do so, we intend to use a structural equation approach, the so called Multiple Indicators Multiple Causes (MIMIC) model.
The rest of the paper is organized as follows. First, we give a brief description of the available measuring methods for the informal economy. We explain in deep the MIMIC model, emphasising its strengths and critics. Then, we summarize the data and sources used in our MIMIC estimation. Later on, we report our results and, finally, we model the informal economy. To conclude we present our final considerations as well as possible policy implications.
MEASURING METHODS
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As we explained above, informality per se has to do with hidden activities, but above all unregistered transactions. These transactions use mainly cash to reduce the risk of been detected or traced. So, measuring this type of elusive phenomena poses serious technical and methodological obstacles. Nevertheless, efforts have been made on developing ad hoc methodologies capable of tracking the dynamics of the informal economy.
Perry G. et al (2007) classify the methodologies available in the literature into three branches: Direct Methods, Indirect Methods, and the so called Model Approach.
1) Direct Methods:
These methods refer to government surveys or tax audits and are the only ones officially accepted, although this does not mean that they are reliable sources, since informal agents are not necessarily incentivated to cooperate reporting the truth in this type of surveys. So, as usual, the real value may be above the survey results. In the Mexican case, the National Statistics Institute (INEGI 7 ) in cooperation with the Secretary for Labor and Social Prevension (STPS 8 ) carries out regular surveys on the so called microbusinesses (firms comprising a maximum of 15 persons) in an attempt to capture the size of informality. These surveys are called ENAMIN 9 and include businesses working in industrial production, commerce, services and transports, as well as self-employed persons.
2) Indirect Methods: Indirect methods use proxies in an attempt to capture the real size of the informal economy and can be sub-classified as follows: a) Discrepancy Methods: These types of methods rely on differences between aggregate income and expenditure, or labor force and formal employment. b) Monetary Methods: These methods are by far the most used in the empirical literature. They are based on the assumption that hidden transactions use only cash; so, estimating the quantity of money in circulation and then taking away the incentives that induce agents into informality (usually taxes) should give a good approximation for the money used in informal activities. Pioneer work using monetary approaches can be tracked back to Feige (1979) and Tanzi (1983) . c) Physical Input Methods: Input methods use discrepancies in electricity consumption and GDP. These methods were used mainly in former Soviet Union countries and extensive work can be found in Kaufmann and Kaliberda (1996) .
3) Model Approach: This model uses structural equations to link unobserved variables to observed indicators and causes. The main model used to estimate the size of the informal economy is the so called Multiple Indicators Multiple Causes Model (MIMIC) and has gradually become the preferred method by researchers in the past years. Schneider (2002) among others helped to boost the use of the MIMIC approach within the academic community. A detailed description of this model will be given in the next section.
THE MIMIC MODEL
Structural equation modeling (SEM) captures the relationships between latent unobserved variables and observed indicators and causes. This type of modeling has been used extensively in almost all social sciences, from sociology to marketing and economics. In economics one of the first researchers to apply the SEM was Goldberg (1972) . In this paper, we will use one particular case of SEM, i.e. the Multiple Indicators and Multiple Causes Model (MIMIC)
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. Frey and Weck-Hannemann (1984) were the first ones to apply the MIMIC to the estimation of the informal economy. On the Latin American scenario, Loayza (1997) and Vuletin (2008) developed the most representative studies using this method.
Our decision to use the MIMIC relies on the ability of this type of models to overcome some limitations of the traditional monetary methods. First, the MIMIC approach does not rely only on monetary variables, which might bias or distort results in countries with high inflation rates or dollarized economies (like the Mexican case). Second, by treating the informal sector as a latent variable, the MIMIC is not constrained by the lack of information or time series regarding the informal economy and can use a wider number of real variables, allowing us to cover a more robust set of causal relationships.
The MIMIC has two main components, a measurement equation and a structural equation.
The measurement equation corresponds to a set of observable indicators:
where, Y 1 , Y 2 and Y q represent the possible observable indicators of the informal economy (i.e. real GDP, currency held by the public or labor force participation ratio) and η corresponds to the latent variable (in our case, the informal economy). Finally, u is just a random error term and λ stands for the structural parameters of the measurement model. Next, we have the structural equation component:
with x 1 , x 2, x 3 and x p representing a set of observable causes, usually approximated by the tax burden (total tax revenue over GDP), unemployment, corruption, real salaries, inflation, confidence indexes, and so on. γ 11, γ 12, γ 13 and γ 1p are the structural parameters of the model and v is the disturbance term. As in equation (1), in our model η corresponds to the latent variable (informal economy).
Rewriting equations (1) and (2) we have:
where we are assuming independence between the errors and the disturbances, i.e. E( uv' ) = 0', and defining E(ν 2 ) = σ 2 and E (uu' ) = Θ 2 , with Θ being the diagonal covariance matrix of the measurement errors.
So, in order to solve our model, we can substitute (4) into (3) to obtain a function of observable variables, that is:
Furthermore, defining Π = γλ' and w = λv + u we can rewrite (5) so that we can get the reduced form of our MIMIC model:
Graphically, the MIMIC model can be represented as follows:
FIGURE 1. MIMIC MODEL
Analysing Figure 1 , it is important to point out that, dealing with Structural Equation Models, a sufficient but not necessary condition of identification 11 is that our MIMIC model should have at least one cause with at least two indicators. Furthermore, we need to assign a scale to our latent variable, η. Hence, as we can see from the above diagram, the parameter of the measurement model that corresponds to y q is fixed to an exogenous value 12 , which can be +1 or -1. The decision of which parameter should be fixed is up to 
METHODOLOGY AND DATA
In order to estimate a series for the informal economy in Mexico, we use annual data starting in 1970 and ending in 2006. Most of the series used come from the IMF's International Financial Statistics as well as from the Mexican Central Bank (online) database. Not all the series were complete for the mentioned period, so missing data were extrapolated using various methods and alternative sources. A detailed compendium summarizing the sources and variables used is available in the Appendix.
Before proceeding with the estimation of the MIMIC, we need to devise a set of possible causes and indicators for our model. The pool of variables believed to have direct or indirect impacts on informality in the literature is varied. However, the limited availability of Mexican data for the period of interest has strongly constrained our choices.
Causes
Taxes:
An excessive burden is believed to incentive first of all general evasion. Second, and in a minor scale, it also pushes economic agents into illegal labor, working as a deterrence for potential entrepreneurs wishing to enter the official markets, and hence encouraging them to establish within the informal sector. Therefore, taxes are believed to have a direct positive impact on the informal economy: the higher the burden the bigger the informality growth. This variable is usually proxy using the ratio between tax revenues and GDP, and when possible decomposed into direct and indirect tax rates.
Inflation:
This can be seen as a proxy for macro stability. The Mexican economy, as well as the rest of Latin America, suffered from high inflation rates during the 1980's, destabilizing the credit sector, wiping out small businesses and fostering black markets. Consequently, higher inflation rates are expected to affect positively informality.
Salaries:
The salaries in Mexico have been fixed for years. Even today, their levels, especially for the manufacturing sector, grow at rates well below the inflation, thus allowing established companies to take advantage of unskilled workers, and incentivating the latter to search better opportunities and sources of income within informality. An increase in official salaries should affect negatively the informal economy.
In Figure 2 we can appreciate the loss in real terms that salaries have suffered in Mexico in the last decades. It is important to point out that we are referring to minimum wages, fixed each year by the government.
FIGURE 2. MEXICAN REAL MINIMUM WAGES
Source: Banxico. Notes: Annual data, salaries are measured in real terms (2000=100) and the vertical axis corresponds to Mexican pesos units.
Government:
The size of the public sector usually serves as an indicator of efficiency and bureaucracy. Excessive regulation is believed to be a key factor encouraging informal activities 13 as well as delaying procedures and services, and laying the bases for government corruption. In this study, we use as a proxy for this variable the ratio of government consumption to GDP.
Unemployment:
The effect of this variable is still unclear. On one hand, an increase in unemployment should encourage dismissed workers to try fortune in the informal markets. However, on the other hand, high rates of unemployment are usually a sign for a generalized adverse economic situation, which should or could affect equally both sectors, the formal and informal.
Indicators
Currency:
One of the basic assumptions in most informal sector studies is that a significant part of informal transactions take place using solely cash, so that they can avoid to be detected. Hence, the use of the amount of money that is in circulation should be a fair indicator of increases or decreases in unrecorded transactions. This variable is usually approximated using different currency ratios that include several measures of money, i.e. currency outside the banks, M1, M2, M3, M4, etc. Dell'Anno and Solomon (2008) (2002) and Bajada and Schneider (2005) use the growth of currency in circulation outside of banks, since they consider it a much more reliable indicator than any currency ratio. So, in this paper, we will use real currency in hands of the public, and increases in the latent variable η (informal economy) are expected to have a positive impact on our currency variable.
Real GDP:
In general when estimating the informal sector, we need a reference variable. As we already discussed in the previous section, in order to estimate the MIMIC model we need to set a scale. In most studies dealing with the underground economy, the chosen variable used to fix a scale is GDP, although 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 Salaries in some cases we can find alternative variables, such as real currency per capita (see Bajada and Schneider, 2005) . This brings us to a first dilemma: which variable do we need to fix (normalize)?, and which sign should we assign to the normalized variable? In theory, informality should have a direct impact on GDP, and so this can be easily agreed upon. However, as we have been arguing, the direction of this impact is unclear. Indeed, the work by Alanon and GomezAntonio (2005), among others, finds a positive relationship, while Dell'Anno 14 and Schneider (2003), and Vuletin (2008) find a negative relationship. In this paper, we will use real GDP as the scale variable, and we will set the direction of the effect using Dell'Anno et al. (2007) strategy, which consists in changing the sign of the scale coefficient (+ / -). By doing this we will affect the signs of structural parameters (γ) but not their absolute values, which will remain the same. Now, using economic theory we can verify if the estimated signs are consistent with economic theory, and therefore choose the best model. Below we present the graphical representation of the most general model to be used for empirical estimation. 
MIMIC ESTIMATION RESULTS
Having in mind the previous model (MIMIC 5-1-2), it is worth to stress that, as the sample size grows and data are normally distributed, coefficient instability will disappear (1) asymptotically. So, the size of the sample and its nature have a direct impact on the reliability of the final estimation. Unfortunately, in our case we are data constrained and can rely only on annual data for the past three decades. However, according to Stevens (1996) , although having more is advisable, 35 observations per variable could be enough for our purposes. In Table 1 we summarize our MIMIC regressions. Columns refer to the different models used, where the first number identifies the number of cause variables used, while the second number denotes the number of latent variables and the last digit enumerates the indicator variables. For example, columns (5-1-2) uses 5 causes (i.e. inflation, salaries, taxes, unemployment and government consumption), one latent variable (in our case the informal sector) and two indicator variables (GDP and currency). Table 1 is divided into three sections. The first block corresponds to the indicator variables, the second one to the causes and the third part groups the fitness of the models. Along with individual significance, in the third block we report the overall fitness of the different models. First, we report the standardized root mean square residual (RMR), where small values are preferred. On the other hand, we present the goodness of fit index (GFI) and the parsimony goodness of fit index (PGFI): the bigger the values the better the fit of the model 15 . As mentioned before, in order to estimate our MIMIC models we need to fix a scale variable 16 . So, in this case, we run regressions fixing GDP and alternatively Currency, adding and subtracting the possible causal variables. From the regressions we can appreciate that the models used are quite stable and their GFIs fluctuate around 0.9. Furthermore, signs are as expected. Inflation, taxes and government consumption have a positive impact on the size of the informal sector: an increase in these variables will push more agents into the informal sector. On the other hand, official salaries have a negative effect on the size of the informal economy: the higher and more competitive the national salaries the less incentives to risk going to the informal sector. So, government policy on determining high minimum wages could have an overall strong effect deterring agents from going to the informal sector. Surprisingly, unemployment seems to have a negative effect on the size of the informal sector. Although this is in line with previous regional studies (see Hametner and Schneider, 2007) , the result is intriguing and its interpretation should be taken with caution.
Nevertheless, in the Mexican case, it seems that national economic shocks that affect the formal sector creating for example rises in unemployment hit in a parallel way the informal markets. In other words, both markets are exposed, probably at different degrees, to overall external economic shocks.
Another explanation can be inferred from a study by Alcaraz et al. (2008) in which they analyze the wage differentials between the formal and informal sector, and between the manufacturing and services industries in Mexico. Although the aim of the authors is to focus on the explanations and effects of these differentials for the Mexican economy, their work allows us to draw an hypothesis regarding the possible relationship between informality and unemployment.
Indeed, albeit the data comes from surveys, from Table 2 we can observe that the percentage of informal workers from the total economic active population is quite high, around 40 percent. Within this segment, a relevant amount is engaged in the construction industry and commercial services, that is two sectors that are the first ones to be hit when economic crises occur. So, we can argue that it is likely that sudden economic shocks affecting those sectors initially have adverse effects on the informal sector. As a consequence, both formal and informal workers in those industries could find themselves unemployed, thus explaining at least in part our empirical findings. 
MODELING THE INFORMAL ECONOMY.
One of the characteristics of the MIMIC model is that it will only provide a group of estimated coefficients that can be used to create an index. So, the researcher is obliged to use a benchmark or calibration method to convert the resulting index into cardinal values that can be used to get a time series of the informal sector. This is without doubt a limitation to this type of modeling, especially due to the fact that we are assigning a specific meaning and interpretation to our latent variable, which is open to subjectiveness and therefore is an object of concerns and criticism (see Breusch, 2005, and Dell'Anno, 2003) . In this study, we follow Giles and Tedds (2002) benchmark method 17 and proceed to calibrate our model as follows:
corresponds to the value of the index of our shadow economy as a ratio of the official GDP (Y) at time t, which is calculated using equation (2), and µ is a constant and is given by the following expression: (8) In equation (8) (7) and (8), we can get an estimate of the Mexican informal sector at a certain base period that should be equal to the exogenous source, allowing us to compute the rest of the time series accordingly. In Figure 4 , we illustrate the evolution of the Mexican informal sector in the last three decades and compare it to another time series that was computed by Brambila-Macias and Cazzavillan (2008) using the Currency Demand Approach (CDA). 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 Differently from other specific country studies, in the present paper our MIMIC estimates fairly overlaps the series obtained through the currency demand approach, with the exception of the period 1988-1991, where the MIMIC series remains stable while the CDA estimates present a hump.
This divergence could be due, on one hand, to the nature of the CDA, which is a monetary method and so it is quite sensible to inflation, and the late 1980's were a period of hyperinflation in Mexico and in the rest of Latin America. On the other hand, while both series were estimated using taxes, currency outside banks in the hands of the public and observable GDP, they differ on the other variables used, i.e. remittances and interest rates for the CDA, and unemployment and salaries for the MIMIC. Nevertheless, both series confirm the increase of the informal sector in the early 1970's up to a level around 40 percent of GDP and its decrease and stabilization around 30 percent of GDP during the 1990's and early 2000's.
FINAL REMARKS.
Informality plays a crucial role in the global economy and certainly has a direct impact on national economic growth. On one hand, the existence of informality has taken off some pressure on poor countries 18 , providing much needed sources of income for many people, while, on the other hand, it has deprived governments from potential funds in the form of taxes that could be used, if managed appropriately, into channelling productive investment. To what extent one of these two effects can offset the other is still an open question, although it is certainly clear that incorporating the informal sector into the formal markets may have a positive impact on the economy.
In this paper, we used a special case of structural equation modeling in order to get a proxy of the size of the informal sector in Mexico. Besides estimating the size of informality, the other aim of this study was to provide researchers with a reliable time series that can be used in further analysis of the phenomenon and its possible interactions with other important aspects of economic growth.
From our results we can track the evolution of the Mexican informal sector during the past three decades. Our results indicate the stabilization of informality at levels around 30-40 percent of GDP since about the late 1980's, identifying as main potential causes taxation, low salaries and excessive regulation (proxied by government consumption). All these causes could be corrected using an adequate governance framework that, giving the appropriate incentives, could redirect informal flows from spurious consumption to productive investment in the regular economy.
For future research, we believe it would be interesting, whenever the data are available, to conduct an analysis of the informal sector at a micro level, in order to help to determine with more precision economic policies that could deal with this phenomenon. Aigner et al. (1988) . 14.To our knowledge, Dell'Anno (2003) was the first one to set negatively the normalized GDP. 15.It is important to point out that the goodness of fit reported in Table 1 are not exhaustive of all the wide range of indices available in the LISREL program (http://www.ssicentral.com/index.html). Nevertheless, we decided to report the ones that in our opinion were the most representative. For interested readers, a clear assessment of goodness of fit indices available can be found in Diamantopoulos and Siguaw (2000) . 16.The scale variable is essential to estimate the rest of the parameters, since they will be a function of the former. 17.Until now, there is no consensus in the economic literature regarding which benchmark procedure is the most reliable. Some alternative procedures can be found in Dell' Anno and Schneider (2003) and Bajada and Schneider (2005) . The interest reader can find a brief discussion and comparison of some alternative calibration methods in the Appendix. 18.According to the IADB (2006), in a regional report assessing the informal sector in Jamaica, the reduction on poverty rates (44 percent in 1991 to 17 percent in 2001) could be explained to some extent by the robust performance of informal sector. 19.It is important to clarify that we will use 2006 as the base year in all our models. The base year varies in the original papers that we are following. A broader discussion on calibration methodologies can be found in Dell' Anno and Schneider (2006 This procedure is very similar to Giles and Tedds (2002) with the exception that it adds the following relationship to the calibration methodology:
ENDNOTES
t GDP GDP 2006 . We ruled out the use of this methodology because introducing the previous ratio, in our opinion, adds noise to the index. As we can see from figure 5, when we anchor the index to 2006 as the base year, the methodology seems to capture more the GDP gap than the size of the informal sector, following a clear convergence pattern.
FIGURE 5. ALTERNATIVE CALIBRATION METHODS
On the other hand, Tedds (2005) proposes an alternative calibration process which intends to be a refinement of her previous methods with the aim of preserving the proportional relationships from the original index series. Following Tedds (2005), we start by defining the index for the underground economy in period t: 
